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>C:? (57) • A charged particle ao cqio i a tor (100) has a 
: s*^^ on jand off the 

extraction of a charged particie beam, an irraciatioh unit 
(110) h&^^^ for setting an fm- 

dtationpoWrt 

ated on an • irratfation target, and a control unit (130) 
odii^ it to swHch on 

ara ,pn. ;Vie^ oearn exu action and the electromagnets 
r (220, 221) to cause thorn to change the irraciatioh point 
When the swrttttrig device (1 66) switches on the extrac- 
tion of the charged particle beam circiriatmg through the 
changed particle accelerator (100) into the irraciation 
unit (1 00), the charged particle beam is i rra diate d on the 
inracfatkmtaigM 

ing donee switches off the beam extraction from the 

charged particle accelerator into the irradiation unit, the 

irraciation of the charged particle beam on the irradia- 
tion target is also stopped. Accordingly, when the con- 
trol und (130) controls the swfchirig device to cause it to 

switch on and off the beam extraction, the irradiation on 

the irraciation target can also be switched on and off. 

Since the electromagnets (220, 221) set the irraciation 

point of the charged particle beam in the irraciation unit 

(110). the charged partide beam extracted from the 

charged particle accelerator into the ircaciation unit can 

be irracfated on the irracfiation target Since the control 

unit (130) controls the electromagnets (220, 221) to 
qq cause them to chang the irradiation point the charged 
O partid beam can be irradiated on another irradiation 
O) point of the irradiation target Even when the irradiation 

target has a compGcated shape, the irracfiation target 
^ can be irradiated with high accuracy through simplified 
® control. The irradiation is continued until a target of irra- 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a charged partici 
beam apparatus which utitizes a charged particle beam 
for cancer therapy and diagnosis of an affected part 

A technique of extracting a charged particle beam 
circiiating through a charged particle accelerator on the 
basis of a (fffuston resonance extraction method to uti- 
lize the charged particle beam extracted from the 
charged particle accelerator for mecfcal treatment is 
described to JP-AS-1 98397. 

A conventional charged particle beam apparatus is 
ilustrated in Fig. 45 of Rev. Sci. Instrum, Vol. 64, Na8. 
August 1993; p.2088. This prior art wil be described 
with reference to Fig. 9. 

jnFig-9 # ac^ 
tion. When temporally changing currents are passed 
through an x-drection scanning electromagnet 101 and 
a y-dvection uluck uiiutfj tut 102, magnetic fields gener- 
ated by these elof If c yifji wt n are ateo changed tempo- 
rafly and the charged p^^ in toe x 

i dtoac*^ and in the y drection 

(vertical drec^ 

scahiri^ unft time is 

large and the number of y-direction scanning operations 

:.vis^gn^-jBOjtt|at ah toadtation field 99 may be formed. 
WkJSibfl and h of the Iracfafion field 99 are determined 
by maximum currents of the x-diroction scainfliflg elec- 
tromagnet 101 and y<firection scanning otoct roffl&gnet 

. Irrespectively, • 

But when ^^^^ a compticafed 

shape, the scwining widths and scanning cpoocte in the . 
x and y cirectkro must be changed whie the charged 
particle beam being toatiated in order that the charged 
particle boom can be » imiHtwd on the vradntion target 
with higft accuracy and with unfform beam density, and 
hence control of currents stypied to the x-dvection 
seaming electromagnet 101 ttfid 
y-dfrection scanning electromagnet 102 becomes very 
corrpticated. 

SUMMARY OF THE INVENTION 

An object of toe present invention is to provide a 
charged particle beam apparatus, which can tractate a 
cnarged particle beam on an vTacxeoon target wnn reg^i 
accuracy and wflh inform beam density through simpli- 
fied control even when the inaciation target has a com- 

,,|!nr* * - *- - - - jliiuI h juli lAIi mt it - * n mi i i 1* i i i ■ >ti ft 

plica t ed snape, ana a metnoa or operaang me 
apparatus. 

To acconpBsh the above object according to the 
present invention, a charged particle accelerator has 
switching means for switching on and off the extraction 
of a charged particle beam, an inaciation unit has elec- 
tromagnets for setting an inaciation point of the charged 
particle beam to be irradiated on an (radiation target, 
and a control unit controls the switching means to cause 


it to switch on and off the beam extraction and the elec- 
tromagnets to cause them to change the irracfation 
point 

In the present invention, when the switching means 
5 switches on the extraction of the charged particle beam 
circulating through the charged particle accelerator into 
the irradiation unit the charged particle beam is irradi- 
ated on the inaciation target in the irradiation unit 
When the switching means switches off the beam 
10 extraction from the charged particle accelerator into the 
inaciation unit the inaciation of the charged particle 
beam on the initiation target is also st o pped. Accord- 
ingly, when the control tirt 

to cause it to switch on aid off the beam extraction, the 
15 inaciation on the inaciatio n target can also be switched 
on and off. Since the electromagnets set the inaciation 
point ol the charged particle beam intheirraciatkxi unft, 
the charged particle beam extracted from the charged 
particte accelerator iM 
20 ated on the hrariation target Since the umbtio! unit con- 
trots the electromagnets to cause ' them to change the 
inaciation point the charged particle beam dan be irra- 
dated on another iii a ti alk in point of the inaci at ion tar- 

25 Further, to toe present jrwention, an iiatiation dose 
targetsetfeig uritcSvidestwinatf 
raity of toatfiation regions and determinee targets of 
irnoaoon ooee at ramauai. vraamon r egpex^ arvrra- 
ciation d06e measuring unit measures inaciation dosee 

30 of the charged r*jrtide beam 

regions, and the control unft controls the switching 
means on the basis of the targets of toadtation dose and 
the inaciation dcx^es measured ty to 
measuring unft. Since toe cortrpl unft corrtrcte 

35 tromagnets such that the charged particto beam is ina- 
ciated on ■ eacn uimiaiion region wnie ine irracNonn 
point being changed, the charged pSHrtide beam can be . 
irraciated with high accuracy arvj wito uniform beam 
density even when toe inaciation target has a compi- 
le cated shape. Further, since the control unft causes the 
inaciation to be continued until toe irradiation dose at . 
the inaciation region reaches the target of fankfetion 
dose; the inaciation target can be irraciated with uni- 
form beam density even when the intensity of the 

46 charged particle beam changes tenporaly. . 

When the switching meena is a radto frequency 
applying wit tor applying to the charged particle beam 
a radio frequency electromagnetic field containing a fre- 
quency of betatron oeaBation of the charged particle 

so beam circulating through the charged particle aocelera- 
tor, the amplitude of betatron exj dlati on of the charged 
particle beam increases under the app li c ati on of the 
radto frequency electromagnetic field to exceed a stabi- 
ity limit of resonance while the betatron oscfflationcf the 

55 charged particle beam circulating throu$i the charged 
particle accelerator is brought into a resonance state, 
and the charged particle beam is extracted from the 
charged particle accelerator. This method for extraction 
is called a diffusion resonance extraction method and by 
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using the dffiuston resonance extraction method con- 
stant extraction of the charged particle beam can be 
ensured to permit the charged partid beam to be irra- 
cfiated with uniform beam density. 

Further, in the cancer therapy based on the 5 
charged particle beam, energy erf the charged particle 
beam to be irracfated must be changed in accordance 
with a depth of the irradiation target To meet this 
requirement the extracted charged particle beam is 
irratfeted while being changed in energy by either w 
changing energy of the charged particle beam circulat- 
ing through the charged particle accelerator during the 
phase of acceleration or placing a plate-tike material 
such as graphfte at a site in the irratfation trt through 
which the charged particle beam passes. is 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic cfagram showing a first 
errtxxfmen t of a charged particle beam apparatus of so 


between depth of an affected^ 

^ 25 

ratus. 30 
Fig. 7 is a per^ 


v ; ^ a second errtxxfment 

ot-jh^ method of operating the ^ x 


Rj^^jB a schematic perspective view showing a 
conventional charged particle beam apparatus 

DESGRPT10N OF Tf£ PREFERRED BrfBOOl- 40 
MENTS ' 

(Errtxxfment 1) 

Referring new to Fig. 1. a first errtxxfmen t of a 46 
charged particle beam apparatus accortfhg to the 
present invention wi be descrtoed. 

The charged particle beam apparatos of the 
present errtxxfment mainly includes a pre-accotorator 
98, an accelerator of synchrotron type 100, a rotation* so 
gantry 110 and a controller poup 140. Ions of low 
energy from the pre-eccelerator 98 are injected into the 
accelerator 100 and they are accelerated by the accel- 
erator 100 and then extracted to the rotational gantry 
110 inside a treatment room 103 so that an ion beam ss 
may be used for mecfcal treatment 

Main components constituting th accelerator 100 
wil be descrfced. The accelerator 100 is an accelerator 
utiztng the diffusion resonance extraction method tor 


beam extraction in which betatron escalation of a 
charged particle beam circulating through the accelera- 
tor 100 is brought into a resonance state art 
quency electromagnetic field is applied to the circulating 
charged partid beam to increase the betatron osdBa- 
tion thereof to thereby ensure that a stafaifty limit of res- 
onance can be exceeded and the charged particle 
beam can be extracted from the accelerator. 

The accelerator 100 includes a benefng electro- 
magnet 146 for benefng the dr^^ 
beam, a radio frequency accelerating cavity 147 tor 
applying energy to the circulating charged ptrticie 
beam, a quadtapote etodto^ 
electromagnet il for magnetic fields to tte croiating 
charged particle beam to generate the staftity fimit of 
the resonance of the betatron oecliation, and a radto 
frequency applying unft for extraction 120 which appfiee 
a racfio frequency to the c^ 
beam to increase ttie betatronoscaatioa T^ 
torlOOtortherindudtta 

ton 165 which stppSee cunents to the benefng 
electromagnet 14ft qta^ 
nrtftipoleelectror^ 
power to the radfo 

and a radto frequerKy po^ . 


applying unft for extraction 120 

relational gantry 110 inciu^ 

nete 1 50 and bend^ eledroniagnets ist ^i^-jm 

adapted to trar^ 

ator tdatoan irradtaiion target, and a power ge^ 
170 for supplying ojrrento to etectro- 
magn^ 150 

Therofetib^ 
magnets Z^^^y^me prwkted downstream 
ofbrie<*1te 

to deflect the extracted beam in x and ydrectiona Here, 
ttox dfrection is p orofc l to the benefng plane of the one 
bending electromagne t 151 and tie y (fraction is verti- 
cal to the benefng plane of the one bendtog electromag- 
net 151. The electromagnets 220 and 221 we 
connected with a power generator 160 for applying 
currents to them. An irracfation dose monitor 200 for 
measuring irracfation dose cfstribution of the beam is 
provided downstream of the electromagnets 220 and 
221 and immecfately before a patient stanefng for the 
irr a t fati on target 

The controier gnxp 140 wB be described. The 
controBer grotp 140 includes an irracfation control unit 
130, an operation unit 131 and an accelerator control 
unit 132. 

The irratfation control unft 130 is a control unft for 
controlling the extraction of the charged particle beam 
from the accelerator 100 into the rotational gantry 110. 
Since the charged partid beam extracted from the 
accelerator 100 into the rotational gantry 110 is irracfi- 
ated on the irracfation target, controlling the extraction 
from the accelerator 100 is to control the irradiation of 
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the charged particle beam on an affected pert 

The operation unit 131 is a unit tor determining data 
necessary for the irradiation control unit 130 to control 
the irracfiation of the charged particle beam on the 
affected part s 

The accelerator control unit 132 is a urat for control- 
ling the extraction of the charged particle beam from the 
pre-aoceterator 98 into the accelerator 100, the acceler- 
ation of the charged particle beam circulating through 
the accelerator 100 and the transport of the charged io 
particle beam in the rotational gantry 110. 
-7-;'\this'; : iqte".df .the operation unit 131 wfl first be 
described and a method of operating to 
cle beam apparatus by means of the irracfalion control 
unit 130 and ac ce l e r a tor control unit 132 wil then be is 
described. 

Affected part in formation such as shape and depth 
cf an affected part and a necessary inraclation dose R is 
inputted io the operation unit 131 by an operator. On the 
basis of the inputted affected part information, the oper- 20 
ftoiinft WI catorf^ahddeter^ 
regkn energy oTte : . 
; ated on the affected r^^ 

to be suppBed to^te^^^ ' 

26 

pe^ 

Vdbecriibed:'; Fig. 2 shows - anr &a^^ 
between depth ia^ 

cheaged par^ be^ / 

the chaiged particle beam is effected at a posdion of the 
Bragg pee^ T^ . 

Accotfingry. 

. by U H|ing tifwgy in acoontonce with deptfts in the 
affected ^ as -. 

pah hawing a «ck- 

nese in the depth d^ection. 
The operation 

An irracfiatton regic*r former 133 of the operation 
unft 131 drvides the affected p»t into a pfurafty of lay- 40 
ers, as generally designated by Li (M, 2, • • • N), in 
the depth cfirection on the basis of the inputted affected 
pert information, as shown in Rg. 3 An energy cafcula- 
tor 134 determines beam energy levels, as genera&y 
de si g na te d by B,suitabte tor inaciat^ 46 
wifii depths of the indrvidua) layers. 

Further, the irracfiation region former 133 deter- 
mines a ptorafty of irracfiation regpons as generaly des- 
ignated by AiJ 0-1, 2 •••• N,j-1>2 M), center 
points Pi j of the irracfiation regpons Aij and coonfinate so 
values (wj. yij) of the center points in accordance with 
shapes of Ihe individual layers Li. Since the intensity of 
the charged particle beam is spatially cfstributedpursu- 
ant to Gauss attribution, the operation unit 131 deter- 
mines the incfividual irradiation regions Aij and their 55 
center points Pij on the basis of a size of the charged 
particl beam in such a manner that an irracfiation 
region Aij somewhat overlaps an adjacent irradiation 
report An irracfiation dose calculator 135 determines 


targets of irracfiation dose at the individual center points 
Pi j on the basis of the necessary irracfiation dose R. 

An electromagnet current calculator 136 deter- 
mines currents DGj and (Yj supplied to the electromag- 
nets 220 and 221 in older that the (»rter of the charged 
particle beam matches the incfvkfual center points Pi j. 

The operation unit 131 delivers to the rrracfiation 
control unit 130 beam energy E, inrJvidkial irracfiafion 
regions Atj, center points Pij. coonfinate values (xj, yj) 
of the center points Pij, targets of irradiation dose W j 
and currents DCj and IY9 w^ W determined in 
respect of the incfividual layers Li 

A method oT operating tte^ 
apparatus of the presen t entxx im ent is shown in Fig: 5. 

(1) The accelerator control unit 132 controls the 
pre-accelerator 96 to cause it to eject a charged 
: particle beam. 

(2) The irtacfiation control unit 130 before a beam 
energy level E stored therein to the a ccelera to r 

(3) The app o l ora^ unit 132 suppfies cur- 
• rente to th£bj^ 

: po^ : ,. . ; efedr^^ 

electromagnet 1 1 in order to accelerate tftetircutatr 

and contol the power generator tor ac^^ 
■ to cause it to supply eleclrfcpo^ 
quency accelerating ju^Wt V y \: f '■ vy- 

(4) Wten the c^^ 

accelerated ib the energy level B, the acceler^or 
control unit 132: controte the power generator to 
a ccelerator 165 to cause ft to supply cutt^ 
quafrijpote elect^^ 
- ' tnms^ 
■. of the resonance of betatron ow^tet toh 
When the electric power is supply 
frequency cpp^rv 

trbn oetifction ampfitode of the circutating charged 
particle beam inaeeses and this results in tfw res- 
onance state of tfie betatron o scfl totioii for tie 
charged particle beam outside the stabflftylmit 

(5) The irracfiafion control unft 130 controls the 
power generator 160 to cause H to supply currents 
DOj and IY| to the electromagnet s 220 and 221 in 
order mat the center of the charged pvtidebeon 
matches an optional center point Pij. 

(6) The a c ce l era tor control unit 132 controls the 
power generator 170 to cause it supply currants to 
the quadrupole electromagnets 150 and bencfing 
electromagnets 151 in order that the charged parfi- 
de beam extracted from the accelerator 100 into 
the rotational gantry 110 is transported to an 
affected part standing for the irracfiation target 

(7) The irracfiation control unit 1 30 conpares a tar- 
get of irracfiation dose Rij with an irradiation dose at 
the particular center pant Pij measured by the irra- 
cfation dose monitor 200. 

(8) When the irracfiation dose at the particular 
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center point Pi j does not reach tti target of irradia- 
tion dose Ftij, the irradiation control unit 130 con- 
trols the radio frequency power generator for 
extraction 166 to cause rt to supply electric power to 
the racfo frequency applying unit lor extraction 120 
in order to start the extraction from the accelerator 
100 to the rotational gantry 1 10. 

When electric power is suppled to the radio 
frequency applying unit for extraction 120, a ratio 
frequency electromagnetic field is appied to the cir- 
culating charged particle beam to increase the 
betatron m&cBalion amptftude of the circulating 
charged particle beam. When the betatron oscilla- 
tion amplitude is increased until a stabfity fnrit of 
resonance of the betatron pronation is exceeded, 
the charged particle beam is extracted from the 
accelerator 100 into foe rotational gantry 110. In the 
rotational gantry 110, the charged particle beam is 
irimfetfed on an optiontri irnxfation region Aij. 
(9J The inrixfation control unit 130 compares a tar- 
get of iittiauon oose rs) won an nauiaDon oose at 
another center point Pj measured by the Eradiation 
do6e monitor 200. When the. faimfotton dose at the 
center point Pi j does not reach the target of irracfia- 
tion dube Rj, .the c^i«i4lon is continued. 

(10) When the BTacfiatfon ctose at the deferent 
center point py reaches the. target of irnxfation 
doGe Pj, the irracfation control unit 130 controls the 
racfo frequency power generator for extraction 166 
to'cause frfo switch off the extraction. Then the trra- 
araoon control urei iou controls me power genera- 
tor 160 6uch that fte center of the charged particle 

I i_i i_i i _ l Jill jii_i-Lri ri iiiilfir ■-> OS I - 4 'mS — ' \ n Tn 

Deam rvvBcnes a ccruer poxn r*ij+i or nexi macxa- 
torc^Ai^i: 

(11) When the beam 1 cirra dating through the accel- 
erator 100 is sufficient for use at the time theft .vrecfi- 
ation oo the* irnxfation region Aij shifts to 
jnatfation on the viaciatipn re^pon Aijtl , the oper- 
. ation is carried starting witii step (5) but when the 
boffin intensity and Ihe extraction time are insuffi- 
cient fie operation is carried out starting with step 
(1) for the purpose of replenishing the charged par- 
ticle beem. 

(12) Wien the irracfation doses reach the targets at 
al irnxfation regions Aij of an optional layer Li, the 
operation starting from step (1) is carried out tor 
next layer U+1 and al irratfation regions Aiflj are 
irracfiated in a manner stater to that in the case of 
the layer Li. 

(13) When irracfation on aP of the layers Li of the 
affected part are completed, the operation of the 
charged particle beam apparatus ends. 

While in the present embocfimerrt the energy of the 
charged particle beam rs set to B in the accelerator 
100, the energy of the charged particl beem may be 
changed in the rotational gantry 110. For exanple, 
range shifters 500 as shown in Fig. 6 ar cfsposed 
immediately before the electromagnet for beam irradia- 


tion point setting 220. Then, by causing the irracfation 
control unit 130 to drive the range shifters 500 so as to 
change their thickness, energy of the charged particle 
beam transmitting through the range shifters 500 can be 

5 changed. 

According to the present embodiment, even when 
the irradiation target has a complicated shape, the 
affected part can be irracfiated with higfi accuracy. Fur- 
ther, since the irracfation is continued until the irracfa- 

io tion dose reaches a target, fre affected part can be 
hi minted with uniform beam density even when the 
beam intensity changes with time. 

(Enrtxxfment2) 

is 

Nod, a second entxxfment of the present inven- 
tion wff be described. Component construction of the 
present embodiment is similar to that of the first embod- 
iment In the present embodiment; however^ each layer 

20 U of ah affected part is not divided into irratfation 
regions in the x direction but is dhrided drily in the y 
cfrectionas shown k\ Fig. 7. In other words, irracfatav 
regions Aij are each wide in the x duBdion. Another 
irracfation region Aij is inacfated by changing the 

28 ' btrengtii of a magnetic fi(& generated by tie m 
magnet 220 to scan the charged particle beam in fte x 
(fraction. ■ Vvt; '"I- 
The 

necessary for chahgirxj the magnetic fiofcl strength of 
so the electromagnet 220 on the basis of an extent of each 

region Aij to^ 

ment 1, jtiwfl^waJ&^ irt 

B/indwictoal ■imfation re 

P^{Ay9>^ dosei^arid^ 
as < ;D$and^ 
. . detivere them, together wit) tie ADG$, to jta irracfadlon 

Control Urit 130. --:^^?r->.\. 

A method of operating tite charged particle beem 
apparatus of the preservembodxnert is shewn iri Fig. 8. 

40 Excepting stop (8), operation steps are the same as 
those of the first enixxJmeni 

Instep (8), the irracfation control unit 130 controls 
the racfo frequency power generator for extraction 106 
to cause ft to supply electric power to the racfo fre- 

45 quency applying unft for extraction 120 in order fcat the 
attraction from the accelerator 100 into tie rotati o na l 
gantry 110 is started and besid es , controls the power 
generator 160 such that current DGj to the electromag- 
net 220 changes within a range of ADGj to cause the 

so charged particle beem to be irracfa t ed whfle being 
scanned in the x (fraction. 

In the present embodiment, toa the energy of the 
charged particle beem may be changed in the rotational 
gantry 1 10 by using the range shifters 500 as described 

ss in connection with embodiment 1. 

Wh3e in the present embodiment the strength of the 
magnetic field generated by the electromagnet 220 is 
changed to scan the charged particl beam in the x 
direction and irracfate it on the irracfiation region Aij, the 
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charged partid beam may be irracfiated whil being 
scanned in they (firection by changing the strength of 
the magnetic field generated by the electromagnet 221. 

Claims 5 

1. A charged particle beam apparatus coopnsing a 
circular charged particle accelerator (100) and an 
irracfiation urat (1 10) for irracfating a charged parti- 
cle beam st^ptied from said charged particle accel- to 
erator on an inacfiation target, 

wherein said charged particle accelerator 
(100) has switchng means (m 
on and off an extraction of said charged particle 
beam, said imrfation tvA (110) has eledromag- is 
nets (220. 221) for setting an inadation point off 
said charged particle beam to be irradiated on said 
irratSation target and a control und (130) is pro- 
vided*^ controls saki switch^ 
ft to swfc* on and off the extraction of said 20 
1 particle beam and said electromagnets (220, 221) 
to cause them to change said inadtotkm point 

2. A charged partxte be^ 

claim 1 farther comprising an irracfiation dose target 2s 
setting tWt (131) for cfv^ sakJ irracfia^ 
into a ^ and deter- 

ntfning targets of inadc^ <to^ at incfividual irracfi- 
acfic>n regfons/ and m 

unit (2^ doses off said so 

charged pertide beam at the vkMdUal inacfiation 

regions, ; 

swtehing means on the basis of the t^^ 

cfiation dose and the in^^ as 

sail irracfiaiion doGe measuring unit (200). 

X A charged particto beam apparatus according to 
claim i . wherein said switching m oons is a racfio 
frequency applying unit (166) for applying to said 40 
charged particle beam a radfo frequency electro- 
magnetic field containing a frequency of betatron 
oscillation off said charged particle beam circulating 
through said charged particle accelerator (100). 

46 

4. A charged particle beam apparatus according to 
dam 3 futher compri si n g energy changing means 
(900) for changing energy off sad charged particle 
beam to be irracfated on said inacfiation target 

so 

5. A charged particle beam apparatus according to 
claim 4, wherein said energy changing means (500) 
is dfeposed in said inacfiation unit (1 10). 

6. A method of operating the charged particle beam ss 
apparatus as recited in claim 1, comprising the 
steps oh 


particle beam; 

setting incfividual inacfiation points; and 
changing an optional inacfiation point to 
another. 

7. A method of operating the charged partide beam 
apparatus as recited in claim 2, 

wherein a plurality off irracfiation regions (Ai j) 
are determined on an irracfiation target, targets off 
irradiation dose at incfivi^ 
determined, inacfiation points for each of the inci- 
viduai inacfiation regions are set a charged particle 
beam is extracted from a circular charged partide 
accelerator (too), an inacfiation dose off said 
charged particle beam at the optional irracfiation 
region is measured, an extraction of sad charged 
poticte beam is switched off m 
get off irracfiation dose and the measuedkratiation 
dose; and the inacfiation point is changed from said 
optional point to another. 

& A method off operating the <iiarged parties 
apparatus accenting to claim 7, 

, wherein a ratio *e^ 
field is apple* to said charged f^ ^ k) : 
switch on the odns^ 
beam, and the a ppfoation of s^ 
electromagnetic field to sml charged particle beam 
isstoppedbswhbh^ 
particle boom. 

9. A method off operating the charged particle to 
apparatus accaxfing to ctafcn 6 or 7 forlherajmpris- 
ing ti» step gf changing energy 0* said cha^ 
particle boom. ■ 
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